Objective: Cognitive training gains have been reported to be larger among young adults in comparison to older adults. However, differences in the magnitude of improvements between the earlier ages of adulthood have been less explored. In this attempt, the aim of the present study was to investigate the working memory training effects on cognitive communicative abilities among young-and middleaged adults. Method: An interventional research design was incorporated. Thirty young-(19-40 years) and middle-aged (40-65 years) adults each, were recruited from the community and randomly assigned into the experimental and control groups. The experimental groups received 10 sessions of working memory training. Pre-and post-training assessments were performed and data was statistically analyzed. Results: The data analysis revealed no statistically significant difference in the training effects between young-and middle-aged adults, though young adults showed higher trends of improvement with training. Conclusion: The study highlights the importance of initiating working memory training at an early age to enhance or restore one's cognitive abilities as age progresses. 
PUBLIC INTEREST STATEMENT
The global statistical data which is emerging with regard to the incidence of cognitive communication disorder like dementia is alarming. The increment in the incidence is expected to be multifold in South-East Asian countries like India. Therefore, various efforts are being made to either delay or decelerate the onset of the age-related pathological changes in cognition through early interventions. However, how early should an early intervention be, is unclear. The present study is an attempt to answer this by providing working memory training among healthy aging young-and middle-aged adults. It was found that the working memory training enhanced working memory and short-term memory abilities of both the participant groups. The gains were significantly higher for the young-aged adults, highlighting the need for promoting the sense of cognitive communicative well-being as early as in young adulthood.
Introduction
Cognition is a set of mental processes which aid in planning, initiating, shifting, and terminating certain bodily actions and behavior. These processes involve the use of inner representations to varying degrees and may function independently at different stages of processing. Neisser (2014) defines cognition as "the mental process by which external or internal input is transformed, reduced, elaborated, stored, recovered, and used." The effectiveness with which an individual communicates with others, reflects the ability of storage, manipulation, and execution of a task. The interaction of cognition and communication termed as cognitive communication includes various processes such as attention, memory, problem solving, reasoning, and executive function. Working memory is regarded as one of the most important cognitive communicative processes which involves simultaneous storage and manipulation of information (Baddeley & Hitch, 1974 ). It plays a major role in higher order cognition and action directed behaviors such as problem-solving and reasoning (Carpenter, 1994) .
Working memory is reported to be sensitive to age (Hay & Jacoby, 1999) . Cognitive decline occurs by as early as 30 years and accelerates beyond 45 years of age (Salthouse, 2009) , suggesting the emergence of subtle declines in cognitive abilities during early middle age or even among young adults. Preventing or restoring working memory abilities with progression of age, becomes essential for an individual's everyday functioning.
Working memory training has been proven to enhance and/or prevent cognitive decline during adulthood (Karbach & Verhaeghen, 2014) . Most of the cognitive training studies have been performed on young (20-30 years) and old-aged (60-70 years) adults, with higher training gains reported among young-aged adults as compared to old-aged adults (Brehmer et al., 2008; Calero & Navarro, 2007; Verhaeghen, Marcoen, & Goossens, 1992 ). An aging brain demonstrates the presence of plasticity and the brain activity is subjected to change as it receives training. But due to the reduction in plasticity as age increases, these benefits become lesser in old-aged adults when compared to young-aged adults (Calero & Navarro, 2007) . Old-aged adults also take a relatively longer time to relearn the strategies required to perform the tasks when compared to young-aged or middle-aged adults (Brehmer et al., 2008; Calero & Navarro, 2007) . Conversely, there are also reports suggesting no difference in the magnitude of performance gains with working memory training among young (Mean age = 19.2 years) and old adults (Mean age = 69 years) (Bailey, Dunlosky, & Hertzog, 2014) .
The World Health Organization estimate, as in 2015, reported 46.8 million people as having age linked cognitive communicative disorder, like dementia. These numbers are expected to double every 20 years and reach the magnitude of 74.7 million by 2030 and 131.5 million in 2050. In the world economies, like India, where the growth of the elderly population is rapidly taking place, a higher increase in the incidence of dementia is expected (Prince, 2015) . The dementia report of India projected 3.7 million Indians as having dementia in 2010, with a total societal cost of 147 billion Indian Rupees. The report further predicted that these numbers might double by 2030, and costs would increase thrice (Shaji et al., 2010) . This demands timely action to prevent or delay the onset of the disorder (Das, Pal, & Ghosal, 2012) . Initiating working memory training at an early age becomes crucial in the prevention of cognitive communicative declines seen with age. Though training effects have been studied among young-and old-aged adults extensively, differences in training gains among young-and middle-aged adults have not been explored. Therefore, how early an intervention may prove to be beneficial remains unclear. In order to understand the stage of life when working memory training can best be instigated, it is essential to examine the differences in the magnitude of effects of training among the earlier ages of adulthood, i.e. the young and middle age. Addressing the national and global concerns along with the promotion of healthy cognitive-communicative well-being, the present research aims to investigate the effects of working memory training on cognitive communicative abilities among young-and middle-aged adults.
Methods
The present study followed an interventional research design and was approved by the Institutional Ethics Committee. An informed written consent was obtained from all the participants prior to their inclusion in the study.
Participants
A total of 30 young-aged adults (19-40 years) and 30 middle-aged adults (40-65 years) with senior secondary education as the minimum educational qualification, along with proficiency in English, were included in the study. The participants were recruited from the community, in and around Mangalore, Karnataka, India. Those who had any psychological or neurological problems, as ascertained by a cut-off score of <26 in Mini Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) , and/or severe sensory deficits such as hearing and/or visual deficits were excluded from the study. The demographic details of the participants have been provided in Table 1 . The participants of the experimental and control groups among young-aged adults and middle-aged adults were matched for age, gender, and years of education.
Procedure
The participants in both the age groups were randomly assigned into the experimental and control groups. The experimental groups received the working memory training for 10 sessions of 45 min duration each and the control groups did not receive the training and only attended the pre and post assessment sessions. The procedure of the study has been depicted in the flowchart as shown in Figure 1. 
Working memory training
The working memory training for the present research was adopted from Namratha, George, Bajaj, Mridula, and Bhat (2017) . Training was provided on six working memory tasks, as described below. Double Digit Ordering: This task involved series of double digits ranging from 3 to 6, presented in the auditory and visual modality simultaneously. Participants had to verbally recall the digits by arranging them in the ascending order.
Sentence ordering: In this task, sentences ranging from 3 to 6 words were presented in the auditory and visual modality simultaneously. Participants had to verbally recall the sentence by re-arranging the word order in increasing length. Semantic Sorting: This task comprised of series of words, ranging from 3 to 7, from different categories, presented in the visual modality. Participants were instructed to recall the words by grouping them into their categories.
Multistage Problem-solving: This task involved problem statements ranging from 3 to 6, presented in visual modality. Participant had to solve the problems and derive at an accurate answer. 
N-back:
The N-back tasks consisted of faces, objects, words and letters. The levels of complexity ranged from 1-back to 3-back. Participants had to monitor the visually presented stimuli and respond to the stimuli that were same as the one presented "n" positions previously.
Verbal fluency: In this task, participants had to generate as many words as possible within one minute for simple and complex letters, simple and complex categories, with and without alternation and with an excluding letter.
The tasks were presented through the Paradigm software version 2.5.0.68. Prior to the initiation of training on each task, screening items from the tasks were presented to the participants to determine the complexity level at which training should begin for the participant. Training for each task began at one level below to the level failed in the screening. Sets of 10 stimuli were given to the participants to practice within the level of complexity the training began at. The training proceeded to the next level of complexity once the participant was able to correctly achieve 80% accuracy (8 out of 10) within the same level of complexity of a task. If 80% accuracy could not be obtained, the next set of ten stimuli was given for practice.
The training for all tasks except N-back and verbal fluency followed a similar paradigm. For the N-back tasks, the participants had to achieve 80% accuracy in matching the target and identifying the non-target stimuli to proceed to the higher complexity level. In the verbal fluency tasks, the number of words generated in a minute, were noted.
Pre-and post-training assessment
Pre-training assessment was done a session before the training commenced and the post training assessment were carried out within a day or two after the completion of the training. The assessment tasks included were computerized Short-term memory tasks (D'Souza, Bajaj, & Bhat, 2016)-face recall, name recall, object recall, first and second name association, face-name association, face-object association and Working memory tasks (Kumar, Bajaj, & Bhat, 2015 
Tasks Description
Auditory word retrieval This task involves retrieval of words verbally in any order from a given set of words which are through auditory modality. The number of words ranged from 3 to 6
Auditory word list recall This task involves retrieval of words from the first list, the second list and again the words from the first list as two lists of words are presented through auditory modality
Auditory delayed sentence recall This task involves identification of same sentences from the second list as it is presented in the first list that is read initially and a series of related questions followed by it. The number of sentences ranged from 2 to 5 Visual picture recall This task involves retrieval of pictures verbally in the same order from a given set of pictures which is through visual modality. The number of pictures ranged from 3 to 5
Visual word list recall This task involves retrieval of words from the first list, the second list and again the words from the first list as two lists of words are presented through visual modality
Visual delayed sentence recall This task involves identification of same sentences from the second list as it is presented in the first list that is shown initially and a series of related questions followed by it. The number of sentences ranged from 2 to 5 
Face recall task This task involves recalling faces from a given set of faces, in any order. The number of faces ranged from 2 to 7 Name recall task This task involves recalling names verbally, in any order. The number of names ranged from 2 to 7
Object recall task This task involves recalling objects from a given set of objects, in any order. The number of objects ranged from 2 to 7
First and second name association task This task involves associating/matching the first name with the second name from the given set of names, in any order. The number of associations ranged from 2 to 7 Face-name association task This task involves associating/matching the face with the name from the given set, in any order. The number of associations ranged from 2 to 7 Face-object association task This task involves associating/matching the face with the object from the given set, in any order. The number of associations ranged from 2 to 7
Results
The data obtained were subjected to descriptive statistics and further data analysis was done using repeated measures ANOVA and Bonferroni post hoc test. A statistical package SPSS version 16.0 was used to do the analysis and significance level was set at 5%. The effects of working memory training on near transfer tasks and the trained tasks among young and middle-aged adults were assessed.
Effect of working memory training on near-transfer tasks among young-and middle-aged adults
The magnitude of training effects with respect to age on near transfer tasks of short-term memory were assessed by computing the difference between the mean differences (pre-post) of the experimental and control group in the young-and middle-aged groups as depicted in Figure 2 .
The differences in the pre-post measures among the experimental and control group of youngaged adults showed greater difference than the experimental and control group of middle-aged adults for all short-term memory tasks except face recall. These differences were found to be between group 1 vs. group 2 and group 3 vs. group 4, in which face recall task [F(1, 28 
Tasks Description
Digit ordering This task involves ordering series of digits presented in a jumbled manner. These jumbled digits have to be arranged in the ascending order. The series of digits increased from 2 to 6
Letter ordering This task involves ordering series of letters presented in a jumbled manner. These jumbled letters have to be arranged in the alphabetical order. The series of letters increased from 2 to 7
Digit and Letter ordering This task involves ordering series of digits and letters presented in a jumbled manner. These jumbled digits and letters have to be arranged in ascending and alphabetical order respectively
Year ordering This task involves ordering series of years presented in a jumbled manner. These jumbled years have to be arranged in a chronological order. The series of years increased from 2 to 7
Spell the word This task consists of series of letters presented in a jumbled manner of sequence. These letters have to be arranged to make a meaningful word. The word length ranged from 3 letter to 7 letter words Figure 2 . Differences between mean differences of experimental and control group among young-and middle-aged adults for short-term memory tasks.
Abbreviations -Mean differences (MD), Face Recall (FR), Name Recall (NR), Object Recall (OR), First and Second Name Association (FSNA), Face Name Association (FNA), Face Object Association (FOA).
The magnitude of training effects with respect to age on near transfer working memory tasks were also assessed by computing the difference between the mean differences (pre-post) of the experimental and control group for the young-and middle-aged groups, as seen in Figures 3 and 4. The differences in the pre-post measures among the experimental and control group of youngaged adults showed significantly greater differences for letter ordering, [F(1, 55 Though training effects are evident across the near transfer tasks among all the groups, no statistically significant age effects were observed, indicating similar magnitude of training gains between the young-aged and middle-aged adults.
Effect of working memory training on trained tasks among young-and middleaged adults
The pre-post measures of the trained tasks between the young-aged and middle-aged experimental groups has been depicted in the Figures 5-7b.
As observed in Figure 5 , among the trained tasks young-aged adults showed greater gains (prepost) in the working memory span for the semantic sorting task and double digit ordering task than the middle-aged adults however, middle-aged adults showed greater gains for multistage problemsolving and sentence ordering task than young-aged adults. Similarly for the N-back tasks as shown in Figures 6a and 6b , middle-aged adults showed greater gains for object N-back, Letter N-back and Word N-back tasks than the young-aged adults. There was an exception in the performance of Face N-back task, wherein, both the age groups performed equivalently. As observed from Figures 7a and 7b, young-aged adults showed greater gains (pre-post) in the verbal fluency task scores than the middle-aged adults. , showed statistically significant difference between both the age groups, with middle-aged adults performing better than the young-aged adults. These findings could be due to the ceiling effects in these tasks for the young adults, who had limited scope for further improvement when compared to middle-aged adults.
Though training effects have been seen across all the groups and between the experimental and control of the young-and the middle-aged adults, no interaction between working memory training and age has been found, indicating that there was no difference between the training gains obtained for the young-and the middle-aged adults for the trained tasks.
Discussion
The present study evaluated the effect of working memory training among young-and middle-aged adults. For this purpose, working memory training was provided to young-and middle-aged adults and their performance was compared with their corresponding controls who did not receive any training. The pre and post assessments were conducted using near transfer tasks of short-term memory and working memory. The observation in the present study, sheds light on the effect of working memory training on the near transfer tasks and the trained tasks among young-and middle-aged adults.
Effect of working memory training on near transfer tasks among young-and middle-aged adults
The trends observed in the finding of the present study suggests that there were improvements in the near transfer tasks of short-term memory and working memory, among the experimental groups of young-and middle-aged individuals in comparison to their controls. These findings indicate that working memory training was effective in improving the working memory capacity as well as it had a transfer effect on short-term memory abilities too, in both the age groups. This is in line with the similar reports of improvement in the working memory tasks after working memory training among young adults (19-36 years) and old-aged adults (62-77 years) (von Bastian, Langer, Jäncke, & Oberauer, 2013) . Researchers have also observed that the usage of strategies for training are well established and are generalized even to the near transfer tasks with training . A similar trend of training gains on the near transfer tasks on both young-(20-30 years) and old-aged adults (60-70 years) have been reported (Brehmer, Westerberg, & Bäckman, 2012) . McAvinue et al. (2013) showed that working memory training, using digit span task, sequencing task, verbal learning task, and N-back tasks showed its impact even on short-term memory on old-aged adults (64-79 years). The authors ascribe this to be the effect of the training tasks on the near transfer tasks as both the tasks share similar features. Working memory training effects have been reported even on far transfer tasks like fluid intelligence in middle-aged adults in the age range of 30 to 60 years (Lawlor-Savage & Goghari, 2016) .
Working memory training has proven to have shown its transfer effects on several other cognitive communicative processes (Brehmer et al., 2012; Jaeggi, Buschkuehl, Jonides, & Shah, 2011) . These transfer effects are also evident on the brain imaging studies, i.e. using functional magnetic resonance imaging, with changes observed in the fronto-parietal circuits and also changes in the neural networks (Nikolaidis, Voss, Lee, Vo, & Kramer, 2014) . Neural plasticity in adults aids them in the effective usage of strategies in improving their performance (Miller, 1994) . Thus, enhancement in the working memory abilities reflects the presence of neural plasticity (Klingberg, 2010) . It has been observed that even at old age there is an overall change in the cellular metabolism after the working memory training (Chapman et al., 2015) . The effects of working memory training have been reported to be present due to the increased integrity in the structures of the regions in the parietal lobe and corpus callosum which consists of white matter. These findings were well established in a study done by Takeuchi et al. (2010) using the fractional anisotropy in which it was found that white matter integrity determines the plasticity of the working memory network. It was observed that, following working memory training there were changes in the neural plasticity which was important for the enhancement in the working memory performance, i.e. immediately after the working memory training there were changes in myelination of axons observed, leading to the changes in the white matter. Working memory training is also known to cause changes in the transfer of information from one hemisphere to another and this determines its role even in the executive function that involves working memory (Baddeley, 2003) . There are profuse evidences which prove that the process of myelination occurs even during adulthood (Benes, Turtle, Khan, & Farol, 1994; Nunez, 2000) and with experiences and learning, myelination occurs with changes in the white matter structures (Koeste, 1985) . Working memory training has shown to induce changes in the superior parietal lobe and the superior part of the right middle frontal gyrus. There are evidences that also show changes in the pattern of activation in the pre frontal cortex. There have also been increases in cerebral blood flow in the prefrontal cortex observed after working memory training (Mozolic, Hayaska, & Laurienti, 2010) .
Effect of working memory training on trained tasks among young-and middleaged adults
The results of the present study show that there were improvements in the trained tasks of working memory, among both the experimental groups of young-and middle-aged adults. However, among both the age groups, the young-aged adults showed larger gains in the working memory performance after the training, when compared to the middle-aged adults. But in few tasks like multistage problem-solving, sentence ordering, letter and word N-back, young-aged adults did not show much improvement as they did not have a scope to improve, due to the presence of ceiling effects. The middle-aged adults, however, showed training gains for all trained tasks and this could be because they had more scope for improvement, as their baseline performance was lower in comparison to that of the young-aged adults.
The improvements seen on the trained tasks in the young-and middle-aged experimental groups of the current study can also be attributed to the practice effects of the task (Engle, Tuholski, Laughlin, & Conway, 1999; Owen et al., 2010) . During the course of the working memory training, participants could have developed individualized strategies to enable themselves in recalling and manipulating the stimuli better. In some tasks like semantic sorting, it was noted that individuals could perform better on related words than unrelated words. Tasks like double digit ordering, sentence ordering, letter and word N-back were performed relatively better than the other tasks which could be attributed to the combined auditory-visual modality of presentation. Working memory training with the presentation of both visual and auditory cues showed an increased ability in the storage, manipulation, and ready access of the items and this finding was associated in support with Baddeley's working memory model that consists of an episodic buffer which helps in integrating the information that comes from both auditory (phonological loop) and visual modality (visuo-spatial sketchpad) (Delogu, Raffone, & Belardinelli, 2009) . There are evidences which reveal improvements in the abilities of recognizing faces by middle-aged adults, after a cognitive intervention program which included face recall task for training and along with a distractor task, which was a general knowledge quiz in between the presentation of faces (Dolzycka, Herzmann, Sommer, & Wilhelm, 2014) .
Both young-(20-30 years) and middle-aged (30-60 years) adults tend to rely on experiences to relate to the tasks, as compared to old-aged adults, who reach a point, where even if they relate to experiences, the beneficial outcome relatively takes a longer time than in young-and middle-aged adults (Denney, 1992) . It is observed that, even though cognitive decline occurs in middle-aged adults, certain processes such as the semantic memory or autobiographical memory is relatively intact up to old age, which could be a possible reason for obtaining similar training gains among the young-and middle-aged adults. It has been stated that when old-aged adults attempted to perform equivalent to young-aged adults, there was a bilateral pattern of activation in the prefrontal cortex of the old-aged adults. But if the pattern of activation was mainly on the left prefrontal cortex like in young adults (20-35 years) , then the performance of old-aged (64-74 years) adults was poorer than the young-aged adults (Cabeza, Anderson, Locantore, & McIntosh, 2002) . Therefore, it can be hypothesized that young-and middle-aged adults have similar activation patterns of the prefrontal cortex, thus equalizing the training gains in both the age groups.
The current research has certain limitations. Firstly, the study limited itself to assessing only the near transfer effects of working memory training. Future research can be planned to examine the far transfer effects of working memory training also. Secondly, the study did not make an attempt to investigate the long-term training and maintenance effects on the cognitive abilities, making it difficult to comment on the temporal stability of the training gains between the two age groups.
Conclusion
The findings of the present study suggest both young-and middle-aged adults to have similar magnitude of gains in the working memory and short-term memory abilities following working memory training. Though the differences in the magnitude of training gains were statistically insignificant between the two age groups, the higher trends of change in the mean scores post training for trained tasks was observed among the young age group, which could probably suggest that young-aged adults possess a greater scope for improvement in their working memory capacity in comparison to the middle-aged adults. These findings can be applied towards the initiation of working memory training in young adulthood or latest by middle age, in order to facilitate early intervention of age related cognitive communication declines, thereby minimizing the burden this decline may pose on an individual's everyday life. Timely intervention of this kind can prevent or decelerate the pathological cognitive communicative changes as seen in dementia, thus addressing the national and global concerns towards dementia. 
